plied fields like forestry, landscape planning, vegetation mapping, or nature conservation, plant communities are classified and ordered in hierarchical classification systems. The study of plant communities and specifically their classification consider macroscopic plants of widely varying size and stature, ranging from bryophytes, lichens and macro-algae (further called "non-vascular plants") to forbs, grasses, shrubs and trees. Based on life form and canopy height, plant species are usually assigned to vegetation layers. In records of plant communities, often only a subset of these layers is sampled (e.g. only trees in forest inventories, only vascular plants, only soil-dwelling plants).
BERG Et al. saxicolous species on rocks, epixylic species on dead wood). Both approaches forego the potential of non-vascular plants as diagnostic species of plant community types (Berg & Dengler, 2005) . Jointly analysing vegetation plots from studies with and without treatment of the non-vascular components, which is inevitable in broadscale classifications, biases the determination of diagnostic species (Chytrý, Tichý, Holt, & Botta-Dukát, 2002; Dengler et al., 2008) and hence classification results.
There is a wide range of ways how non-vascular plants are considered in vegetation plot records, if they are considered at all: a. Several of the recent broad-scale, data-driven vegetation classifications consider terricolous non-vascular plants as diagnostic species of equal value to vascular plants and use them for the discrimination of their vegetation types (syntaxa) at any rank (Schaminée et al., 1995 et seq., Berg et al., 2001 Berg et al., 2004; Chytrý, 2007 et seq.) . In these classification systems, non-vascular plants figure as prominent diagnostic species in the moss-dominated vegetation of raised bogs (Oxycocco-Sphagnetea) and springs (Montio-Cardaminetea) as well as benthic stonewort-lawns (Charetea). However, at the same time, most of these classification systems "ignore" other community types such as moss-and lichen-dominated rocks and screes as well as many macro-algal stands in marine environments b. Other authors study bryophyte-or lichen-dominated communities (very rarely also vegetation of macro-algae other than Charetea) in isolation and describe them as formal "syntaxa" (associations, alliances and so forth) in the normal syntaxonomic system, irrespective of whether the species grow on soil, bark, rock or other substrata and whether or not they are part of a vascular-plant-dominated plant community or not. Often, there are even two separate classification systems, one for bryophyte (von Hübschmann, 1986; Dierßen, 2001; Marstaller, 2006) and one for lichen communities (Klement, 1955; Wirth, 1995) .
Although these "cryptogam communities" are formally described according to the same nomenclatural rules (International Code of Phytosociological Nomenclature [ICPN]; Weber, Moravec, & Theurillat, 2000) , the majority of phytosociological surveys and textbooks simply ignore them c. Several authors have highlighted that it is illogical if, for example, an epiphytic lichen assemblage is treated in the same system as the forest community of which it is part (Wilmanns, 1970; Barkman, 1973; Hobohm, 1998; Dengler, 2003) . Accordingly, there have been some proposals for two separate classification systems, one for complete plant communities and one for partial communities (merocoenoses or synusiae; Barkman, 1973; Dengler, 2003 ; and see below), but they hitherto have not been adopted widely d. Lastly, the "integrated synusial approach" (Gillet & Julve, 2018) resolves the logical problems by extending synusial classification to the layers of vascular plants. In this approach, vegetation is disintegrated into mono-layered synusial components as the basic objects of classification. In explicit contradiction to ICPN rules (Weber et al., 2000) , these synusial communities are classified as "associations" (and higher ranks of the Braun-Blanquet system). In this view, a forest consists of separate tree, shrub, herb and cryptogam communities instead of individual plant species. The combinations of such synusial "associations" in one vegetation stand are used to describe "coenassociations" (equivalent to the associations of the Braun-Blanquet system) and then grouped into higher "coenotaxa", the coenotaxa having different terminology and ending from the one-layer "syntaxa" of the integrated synusial system. Elaboration of this solution has largely remained restricted to a few studies, mainly in France and Switzerland
Recently, the first comprehensive overview of the vegetation types (syntaxa) of Europe has been published (EuroVegChecklist; Mucina et al., 2016) , as a milestone in harmonising syntaxonomic classification schemes at a continental scale. This work includes, side by side, three syntaxonomic systems: EVC1 for "syntaxa dominated by vascular plants", EVC2 for "syntaxa dominated by bryophytes and lichens" and EVC3 for "syntaxa dominated by algae". Thus, it applies partially way (a) and partially way (b) mentioned before, while the concerns of the proponents of ways (c) and (d) are not addressed. Using the same nomenclature and the title "Vegetation of Europe" suggests that EVC1, EVC2 and EVC3 provide an equivalent basis for the description of European vegetation and represent the same conceptual levels, just in independent vegetation classification systems (VCSs) in the sense of De Cáceres et al. (2015) . It is a major merit of Mucina et al. (2016) to present rock-and scree-dwelling moss-and lichen communities (e.g. Racomitrietea heterostichi) as well as marine macro-algal communities (e.g. Cystoseiretea) as separate vegetation classes alongside with and equivalent to the "normal" vascular-plant-dominated vegetation classes. In EVC2 and EVC3 the authors exclusively list bryophytes and lichens or "algae" as diagnostic species. By contrast, EVC1, apart from 95.8% vascular plants, also includes 3.5% bryophytes, 0.7% lichens and 0.1% macro-algae as diagnostic species of classes "dominated by vascular plants", although the listing is rather inconsistent and incomplete for the non-vascular plants. While these aspects could potentially raise the interest in studying cryptogam-dominated vegetation types, there is a major drawback to the presentation of EVC2 and EVC3 in Mucina et al. (2016) : both systems comprise an intricate mixture of units that occur as independent vegetation units and others that can only be found as elements of other plant communities. One example is the class Hypogymnietea physodis (exclusively comprising epiphytic lichen communities) considered as equivalent to the classes of forest vegetation.
The evident lack of a generally accepted and consistent way how to treat non-vascular plants in phytosociological classification inspired this Forum contribution. In the following we summarise the main arguments of the discussion, then propose a general way forward and finally make suggestions how such a more consistent approach could be reflected in future revisions of (a) the ICPN and (b) the EuroVegChecklist.
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| CHALLENG E S AND P OSS IB LE SOLUTIONS

| The whole and its parts
There is a long discussion in different sciences about the "partwhole theory", sets and subsets, and "mereology" (see Husserl, 1901; Whitehead, 1929; Grattan-Guinness, 2000) .
Already during the 6th International Botanical Congress in
Amsterdam in 1935, different schools of vegetation science suggested a clear separation between whole plant communities or associations on the one hand (Braun-Blanquet's approach) and their parts, called synusiae or unions (Lippmaa`s approach and the Scandinavian school), on the other hand (see Cain, 1936; Du Rietz, 1936; Pavillard, 1936; Lippmaa, 1939) . However, the problem already faced back in 1935 was largely neglected afterwards. In any case we think that it is important to describe and analyse the whole and its parts separately, and to clarify which parts were intentionally not considered in vegetation plot records. It is crucial to know whether a species not occurring in the relevé was absent in the plot or was just not recorded for methodological reasons.
In the following, we refer to concrete plant assemblages with all their floristic elements as plant communities (phytocoenoses = holocoenoses, from Greek: hólos = whole), while concrete partial communities here are named synusiae (= merocoenoses; from Greek: méros = part, portion). The term synusia (plural synusiae) was originally introduced in a lecture by E. Rübel in 1917 to denote units within a plant association growing on different substrates, for instance a layer community or an epiphytic community (Barkman, 1973) . Historically, "synusia" has been used by different authors in varying, sometimes narrower, sometimes wider senses, with concrete as well as abstract meaning (see review by Barkman, 1973) .
Here we use the term synusia in a wide sense and thus equivalent to merocoenosis, which, according to Barkman (1973) , refers to any partial community delimited within a phytocoenosis based on taxonomic, functional, horizontal, vertical or temporal criteria or a combination thereof. For the sake of simplicity, we use synusia both in the concrete and in the abstract sense; if a distinction is desired, the terms merocoenosis (concrete) and merocoenon (abstract) might be used (see Table 1 ). In this paper, we focus on the distinction between phytocoenoses and smaller cryptogam assemblages within these.
There are good reasons to study both synusiae and phytocoenoses. However, for the sake of logical consistency and practical application one should not equalise these two categories, nor use the same terminology for both systems (Barkman, 1973; Gillet, 1986; Hobohm, 1998; Dengler, 2003) . To use an analogy: mixing synusiae and phytocoenoses in the same system (as in Mucina et al., 2016) is like building a classification of trees (e.g. a functional one) and including in the same system a classification of bark types at the same hierarchical levels.
| Recording all plants or subsets?
To restrict sampling of plants to a certain stratum or taxonomic group is legitimate, and such a choice depends on the particular objectives (Nimis, 1991) . However, this methodological decision should be clearly declared in the corresponding methods section! Many relevés of bryophyte "communities" ignore lichens and vascular plants that grow intermingled with them, and vice versa; relevés of Lemnetea communities often ignore the submerged macrophytes below the floating duckweeds; and, as indicated above, many phytosociologists generally ignore the terricolous bryophytes and lichens in their plots. According to our understanding, by contrast, only microscopic algae, (cyano-)bacteria and non-lichenised fungi should, normally, not be considered in vegetation classification as a fieldbased method (Berg, Ewald, Berg, & Hobohm, 2018) .
To be as informative as possible, phytosociological classifications should be principally based on complete plant communities, i.e., all plants and other macroscopic photoautotrophic organisms of a section of the Earth's surface (see Dengler et al., 2008) . This means that, in principle, all species should be considered that occur in the vertical projection above a certain ground area, which includes also epiphytic species as well as those growing on specific substrata within the plot, such as rocks and wood debris. Evidently, not in all cases all components of a phytocoenosis can be recorded completely due to methodological constraints (e.g. it would be very challenging to achieve a complete record of the epiphytes on branches), and this is also not needed for the majority of purposes, including classification.
TA B L E 1 Suggestions for the terminology of phytocoenoses and cryptogam synusiae following Barkman (1969 , 1973 ) Hobohm (1998 and Dengler (2003: p. 179 it is crucial to document precisely which elements were considered.
Only then it is possible to distinguish whether the absence of cryptogams in a relevé means absence in the stand or only intentional non-recording.
| The dependency argument
Some authors (Barkman, 1973; Hobohm, 1998; Dengler, 2003) claim that a cryptogam synusia inside a plant community depends on the latter in the sense that it would not have the same composition if the vegetation structures were absent. Mucina et al. (2016) and Bültmann (2012) We conclude that the dependency argument is too theoretical and the term "dependence" is used too differently to provide a good criterion for differentiation in practice. What remains is that some bryophyte and lichen assemblages are obviously parts of plant communities, in the sense that they share the same space on the Earth's surface. At least these represent a different conceptual category than "normal" phytocoenoses.
| The layer argument
Du Rietz (1966) distinguished synusiae from plant communities by their multi-layer structure. This sounds easy and practicable.
However, Bültmann (2012) argued that even lichen communities could consist of a crustaceous lichen layer and a foliose lichen layer.
If we break down the scale further, lichens themselves consist of different layers, and finally lichens can be considered as ecosystems of their own, harbouring various functionally different microbial communities (Grube, Cardinale, Castro, Müller, & Berg, 2009 
| The role of grain size
It is generally accepted that spatial scale, in particular the grain size used for analyses, influences the perception of ecological patterns (Shmida & Wilson, 1985; Levin, 1992; Chiarucci, 2007) . It has been shown that species richness (Crawley & Harral, 2001; Wilson, Peet, Dengler, & Pärtel, 2012) , biodiversity patterns along gradients (Siefert et al., 2012; Turtureanu et al., 2014) , vegetation-environment relationships (Reed, Peet, Palmer, & White, 1993; Otýpková & Chytrý, 2006 ) and plant-plant interactions (Herben, Mandák, Bímová, & Münzbergová, 2004 ) are all strongly dependent on grain size. While it appears evident that these strong relationships must influence vegetation classification, effects of different plot sizes have only very rarely been taken into account in this field. Chytrý and Otýpková (2003) However, common practice in phytosociology still is to choose plot sizes based on the vague ideas of minimum area, representativeness and homogeneity of the vegetation (Braun-Blanquet, 1964; Dierschke, 1994) . All these criteria depend themselves on scale. Dengler (2003) demonstrated that there is no objective way to determine minimum areas, and thus the whole concept is flawed and should be abandoned.
With regard to representativeness, Chytrý and Otýpková (2003) argue that this term inevitably involves circular reasoning because how representative a plot is can only be tested after sampling, not before.
Levels of homogeneity, finally, can change several times when altering the plot size (Fryday, 2001; Berg, Schwager, Pöltl, & Dengler, 2016) .
The only solution seems to be to define plot size a priori through methodological agreement. Accordingly, Chytrý and Otýpková (2003) , Dengler (2003) and Berg et al. (2016) suggested standard plot sizes. Then, plot size could be a simple and practicable criterion to separate synusiae from phytocoenoses. For example, following Berg et al. (2016) , any plant assemblage recorded on <1 m 2 would automatically be considered as a synusia.
There is also an upper threshold, perhaps not for plant communities themselves, but certainly for recording them. We suggest that this could be 1,000 m 2 , an area beyond which it gets more and more impossible to record a complete species list or to estimate cover values. In fact, plot sizes of above 1,000 m 2 have extremely rarely been used in phytosociology (Chytrý & Otýpková, 2003) . We agree with Chiarucci (2007) that plant communities are operational units and thus the proper size of recording them cannot be defined by their properties, but only by convention. Mucina et al. (2016) Mucina et al. (2016) . We argue that the dominance of bryophytes, lichens or algae alone does not provide ecological or functional information that would justify their use for the separation of different VCSs.
| Cover of taxonomic groups as criterion for supra-classification?
| CON CLUS I ON S FOR FUTURE VEG E TATION SURVE YS
| Definitions of phytocoenoses and synusiae
Phytocoenoses ( 
| Phytocoenoses and synusiae should be classified in different systems and named according to different nomenclature rules
Since synusiae are conceptually different from phytocoenoses and are usually recorded on different spatial scales, they should be classified in two separate systems. To avoid confusion, the suffixes used for the respective hierarchical levels of classification should be different (for a possible solution, see Table 1 ). Appendix S1 lists the required changes to make the ICPN the ruling code for phytocoenoses, while researchers dealing with synusiae can easily develop a similar set of rules for their purposes if desired.
| Additional strata for non-terricolous species
As suggested by Wilmanns and Bibinger (1966), Schuhwerk (1986) , Hobohm (1998) In these additional layers, species are then comprehensively recorded for the whole extent of the plot of the phytocoenosis, just as is done in the vertical strata. There are not many examples of this approach, but Boch and Dengler (2006) did it for the classification of dry grasslands on Saaremaa, Estonia, with their very rich non-terricolous components. Another way to proceed would be to sample only subsets of each stratum, classify them to synusiae and describe the phytocoenosis as the combination of these synusiae instead of the combination of species (Schuhwerk, 1986; Hobohm, 1998; Gillet & Julve, 2018) . This approach has two disadvantages, however: (a) it requires a formal classification of the synusiae, which is time-consuming and introduces additional fuzziness, and (b) it does not provide a complete species list for the phytocoenosis.
| IMPLI C ATI ON S FOR PHY TOSOCIOLOG IC AL NOMEN CL ATURE
A main reason for the confusion around the distinction of phytocoenoses vs synusiae is the International Code for Phytosociological Nomenclature (Weber et al., 2000) Julve, 1993) , cannot be valid syntaxa. Further, a mechanism should be introduced to remove and formally rename those types of merocoenoses described in the past as regular syntaxa. Notwithstanding a few borderline cases, this issue can be solved by slightly adjusting Articles 3 (Causes of invalid publication of names) and 37 (Rejection of a nomen dubium) of the ICPN. We present all the proposed changes of the IPCN in Appendix S1 in a way that could be used directly to create the future ICPN edition.
As stated, the study of synusiae is a valid and important aim in vegetation science, which merits a separate system of formal classification. Since only a relatively small number of researchers deals with this topic and this group is only marginally overlapping with the much larger group of people classifying phytocoenoses, we recommend that the former specialists set up their own rules. This will allow them to define principles that suite their purposes best (e.g.
whether all synusiae or only cryptogam-dominated ones should be classified). The only critical point is that they should use separate ranks and names clearly distinct from normal phytocoenoses for their units (see Table 1 ). and EVC3 even in cases where they account for the major part of the respective habitat type as in some rock and scree communities.
| IMPLI C ATI ON S FOR THE EUROPE AN SYS TEM OF SYNTA X A
Therefore, some major vegetation types dominated by cryptogams and covering considerable spatial extent in Europe were excluded from the conservation assessment.
In this respect, the EcoVeg Approach used for the US National The IAVS Working Group EVS has established a scientific committee (see http://eurov eg.org/evc-commi ttee) to improve the EuroVegChecklist successively, based on well-founded suggestions from researchers. We recommend thus to revise the EuroVegChecklist in a way that instead of three separate VCSs there is only one, but which exclusively comprises phytocoenoses in the sense of holocoenoses, which are useful for a landscape-scale analysis. By contrast, the remaining purely synusial (merocoenotic) classes might be removed altogether or placed in a separate VCS with different terminology (except the classes based on microorganisms; Berg et al., 2016) . We provide a preliminary suggestion which of the classes in the EuroVegChecklist falls into which category (Appendix S2).
| CON CLUS I ON S AND OUTLOOK
Bryophytes, lichens and macro-algae are ecologically important, but understudied elements of many ecosystems and can make a significant contribution to the delimitation and characterisation of vegetation types (Dierßen, 2001; Berg & Dengler, 2005) . They should therefore be treated as equivalent components and potential diagnostic species of plant communities (holocoenoses). The vegetation of partial communities of certain structural, taxonomic or functional components (merocoenoses) should be classified in a separate system of synusiae. We recommend to the committees in charge to make this distinction explicit in the ICPN as well as in further editions of the checklist of European vegetation types (EuroVegChecklist) .
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